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Abstract 
The diet of P. sarsi in different life-stages from copepodid I to adult 
was investigated. Gut contents of copepodid I to II consisted mainly 
of algae such as diatoms and dinoflagellates. From copepodid III to 
adult stages the composition of the diet changed towards the inclu- 
sion of nauplii, cladocerans and copepods. The importance of the 
algae on the diet decreased with the inclusion of the prey items. 
Copepods were the most important components of the diet from C V 
to adult. Differences in the capture and ingestion of cladocerans and 
copepods were found. Diet of P. sarsi can be characterized as diverse 
consisting of diatoms, phagotrophic algae, protozoans, rotifers and 
nauplii from C I to C III and consisting mainly of carnivorous items 
from C IV to adult. The ability to eat a variety of food allows the 
copepods to modify their diet with varying conditions in the food en- 
vironment. The effect of these diversity in the diet seems to be ad- 
vantageous, pecially in stressed environments imposed by episodes 
of drying. 
Introduction 
Predation by invertebrate carnivores i  recognized to have a 
significant impact on the population dynamics of small 
planktonic rustaceans in freshwater zooplanktonic commu- 
nities (KERFOOT & SIH 1987; DODSON 1989). Previous stud- 
ies suggest hat predatory copepods can alter community 
structure by removal of selected sized-prey or of a particular 
morphology (YEN 1985; WONG & NPRULES 1985). It is 
known that the cyclopoids are carnivorous (SANTER 1993). 
The omnivorous nature of many species of marine calanoids 
is well documented (KLEPPEL 1993; UYE & KAYANO 1994; 
SAIZ & KIORBOE 1995). Less information is available on 
feeding behaviour of freshwater calanoid copepods. Al- 
though, several researchers have reported that some species 
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are omnivorous (YEN 1985; WILLIAMSON c% BUTLER 1986; 
MODENUTTI 1993). 
Parabroteas arsi is a common zooplankter in Andean 
lakes south of 42°S and it is broadly distributed on the is- 
lands of the South Atlantic (RINGUELET 1957). Recent stud- 
ies, performed under controlled laboratory conditions, 
showed that P. sarsi feeding rates were influenced both by 
size and shape of the prey (VEGA 1995). In Andean lakes P. 
sarsi is the most important copepod predator; however, there 
is scarce information of its diet in natural environments. Ex- 
amination of gut contents of P. sarsi (adult) from an Antarc- 
tic lake showed thi~t it feeds mainly of the copepodid stages 
of Pseudoboeckella silvestri (HEYWOOD 1970). 
The aim of this study was to investigate he diet of P. sarsi 
from different life-stages (copepodid I to adult) in a natural 
pond which belongs to the Nahuel Huapi system (Rio Negro, 
Argentina) by examination of gut contents of individuals 
over eight months. The variation in the composition of the 
diet was studied in order to analyze the feeding strategies of 
the different stages. 
Study Site 
The Fantasma is a small temporary pond with an area of 1 ha 
and a maximum depth of 1.8 m. It belongs at the Nahuel 
Huapi system (Rio Negro, Argentina). This region is charac- 
terized by a temperate climate, with winter as the rainy sea- 
son (including snowfalls), and a mean annual air temperature 
of 8.7 °C. It is strongly influenced by north-west winds, par- 
ticularty in spring. 
The pond is entirely vegetated by low-growing wetland 
plants such as rush Uuncus sp.) and grass. Native trees (Aus- 
trocedrus chilensis, Maytenus boaria and Lomatia hirsuta) 
and shrubs (Rosa eglanteria) grow on the periphery. No 
fishes live in Fantasma pond, and birds are the most impor- 
tant aquatic vertebrates. 
The pond freezes in winter and the water level fluctuates 
in the whole basin during the hydroperiod. Fantasma pond 
generally fills in autumn (March-April) and dries in summer 
(January-February), depending on the rains. The maximum 
water level (1.6-1.8 m) was measured in late spring (Octo- 
ber-November).  The water temperature varied from 3-4 °C 
(autumn-winter) to 18-20 °C (summer). 
were examined under a microscope at 400X. A drop of commercial 
bleach was introduced under the edge of the coverglass, and the re- 
mains of dissolved gut contents were re-examined (WILLIAMSON 
1984; MODENUTT~ 1993). 
Different prey and algae items were identified and counted in 
order to analyze the diet composition of the different stages. Quanti- 
tative analysis was carried out using the frequencies of the prey and 
algae items in all the guts examined. An estimative index was used 
to determine the importance of the prey item on the diet of P. sarsi. 
This index indicates the percentage of the gut contents that are prey 
or algae items. 
Material and Methods 
Field sampling was carried out from April to December 1993. Zoo- 
plankton was sampled with a 70 lam-mesh plankton et. Individuals 
were anaesthetizated with CO2-saturated water and preserved in 4% 
formalin until examination. At least 40 individuals from each stage 
(C I, C II, C III, C IV, C V and adult) were measured and their guts 
were examined. The body length (BL) was measured from the ante- 
rior extremity of prosoma to the distal extremity of the furcal rami, 
not including the terminal setae. The intact metasomal tube was dis- 
sected out and mounted on a slide in a drop of water. Gut contents 
Results 
Zooplankton Composition 
The zooplankton community of Fantasma pond has three 
species of calanoid copepods (Table 1). The largest copepod 
species is P. sarsi (adult = 4.8 mm, remains all the hydroperi- 
od), followed by Boeckella brevicaudata (adult = 2.5 mm, re- 
mains in autumn - winter) and the small Boeckella schwabei 
(adult = 0.9 ram). P. sarsi and B. schwabei are of brilliant red- 
orange colour in all stages while B. brevicaudata is black- 
Table 1. Copepod, cladoceran and rotifer species identified in Fantasma Pond (Rio Negro, Argentina) and their distribution during the hy- 
droperiod. P: presence; A: absence. 
Species Autumn Winter Spring Summer 
Copepoda 
• Calanoida 
Parabroteas sarsi P P p p 
Boeckella schwabei P P p p 
Boeckella brevicaudata P P A A 
• Cyclopoida 
AcanthocycIops robustus P? P? p p 
Tropocyclops rasinus meridionalis P? P? A A 
Mesocyclops spp. P P A A 
Microcyclops pp. P P A A 
Cladocera 
• Daphniidae 
Daphnia middendorffiana A A P A 
Ceriodaphnia dubia A A P P 
Simocephalus serrulatus A A P P 
• Chydoridae 
Chydorus phaericus P P? p p 
Alona intermedia P? P? p p 
Pleuroxus p. P? P? p p 
Rotifera 
Conochilus unicornis P A P P 
Ascomorpha saltans P ? p p 
Gastropus tylifer P ? p 
Keratella cochlearis ~ ? p p 
Lecane (M.) bulla P ? p p 
Lecane (M.) lunar P ? p p 
Limnologica 29 (1999) 2 187 
blue. The cladocerans were found only in spring and summer. 
The largest cladocerans are Daphnia middendorffiana ( dult 
= 3.5 mm) and Simocephalus serrulatus (adult = 3 mm).The 
remaining cladoceran species are smaller (Ceriodaphnia 
dubia adult = 0.7 mm, Chydorus pp., Alona intermedia nd 
Pleuroxus pp. usually <0.5 mm). The carapaces of D. mid- 
dendorffiana nd S. serrulatus have a brown or orange cast, 
while the remaining cladoceran species are grey. 
a - C I  b - C I I  
The most abundant rotifer in Fantasma pond was 
Conochilus unicornis, a colonial species. This species ap- 
peared at the beginning of the hydroperiod (April) and re- 
mained until spring. Other genera such as Ascomorpha, Gas- 
tropus, Keratella, Lepadella, Lecane and Trichocerca, were 
also identified. Cladocerans, rotifers and cyclopoid cope- 
pods are temporally ubiquitous, and their emergence could 
vary year after year (Table 1). 
At the beginning, the zooplankton was 
dominated by calanoid copepods (P. sarsi and 
B. schwabei) which emerged from resting eggs 
as nauplii. Eggs hatched fast after the pond 
filled. B. schwabei matured quickly and was 
still carrying eggs two weeks after the pond 
filled (Table 1). However, during winter P. 
sarsi was found as copepodid V and matured 
in spring. It remained in the pond until Decem- 
ber, up to three weeks before the pond dried. 
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Fig. 1. Gut content analyses of P. sarsi from copepodid I to adult, a: Copepodid I;
b: Copepodid II; e: Copepodid III; d: Copepodid IV; e: Copepodid V; f: Adult. 
Abbreviations: DIA: diatoms; DIN: Dynobrion; PER: Peridinium; PRO: Protozoa; 
ALG: other algae; ROT: rotifers; NAU: nauplii; CLA: cladocerans; COP: copepods; 
CHY: Chydoridae; CDU: Ceriodaphnia dubia; DAP: Daphnia middendorffiana. 
Gut contents 
Copepodid I (C I, BL = 1.36-1.5 mm): The 
analysis of 50 guts showed that this stage is 
mainly herbivorous. In all the guts analyzed i- 
atoms and phagotrophic algae appeared. Proto- 
zoans such as thecamoebas were identified but 
less frequent han algae (35%, Fig. la). The 
identified species was Difflugia corona, only 
one individual per gut being observed. 
Some genera nd species of diatoms identi- 
fied were Achnanthes lanceolata, Fragilaria 
spp., Gomphonema spp., Surirella linearis, 
Rhoicosphenia curvata, Frustulia rhomboides 
and Ceratoneis arcus. The cell dimensions 
ranged between 20 ~m and 100 gin. 
Peridinium sp. (Dinophyceae) and Dyno- 
brion spp. (Chrysophyceae) were the most 
abundant items in all examined guts. Both 
were frequently digested and the cells were 
found smashed or empty.. Several species of 
other algae were frequently observed in the 
guts but were never of great importance 
(Fig.la). Some genera identified were Mal- 
lomonas, Synura, Strombomonas, Tribonema, 
Ophiocytium and Spirogyra. In general, algae 
items were more abundant han prey. These 
items filled 90% of the examined guts (Fig. 2) 
Copepodid I I  (C II, BL = 1.86-1.98 ram): 
The analysis of 40 guts showed that this stage 
is omnivorous. The prey items were represent- 
ed by thecamoebas nd rotifers in the 40% of 
the guts (Fig. lb). Rotifers were identified by 
their trophi malleoramated asConochilus uni- 
cornis (15%). The guts showed a maximum of 
two Conochilus trophi. 
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Fig. 2. Importance of the algae and prey items in the diet of P. sarsi 
during the different life-stages. 
Peridinium, Dinobryon and diatoms were the most abun- 
dant and frequenty items observed. The other algae, even 
though they were found in all the examined guts, were not of 
great importance in abundance. The algae items were more 
important than the prey, and their abundance was similar to 
the previous tage (Fig. 2). 
Copepodid I I I  (C III, BL = 2.28-2.42 mm): The diet of 
this stage was also characterized asomnivorous. Remains of 
the prey items were found in 40% of the 40 guts examined. 
Prey items were rotifers, thecamoebas nd nauplii. Remains 
of nauplii (appendages) were found in 23% of the guts. A 
maximum of three nauplii was observed in a single gut. C. 
unicornis was present in 33% of the guts, while D. corona 
was observed in 20% (Fig. lc). 
Diatoms, Dinobiyon and Peridinium were observed in al- 
most all guts, however they were less abundant in compari- 
son to the prey items (Fig. 2) 
Copepodid IV (C IV, BL = 3.2-3.7 mm): The diet of this 
stage was omnivorous. Remains of the prey items were 
found in 90% of the 40 examined guts. The prey items were 
thecamoebas (only D. cotvna), rotifers, cladocerans and 
copepods (Fig. ld). Rotifers were in 45% of the guts; and 
two species were identified: C. unicornis and Lecane monos- 
tyla (Fig. ld). The maximum number of trophi per gut was 
four. Cladocerans and copepods were evident from remains 
of their appendages, uch as pieces of carapaces, legs and 
furcs. Cladoceran prey were, in all cases, carapaces of Chy- 
doridae. This indicates that P. sarsi ingested cladoceran 
without scraping the soft parts. The remains of copepod be- 
long to Mesocyclops spp. and Microcyclops pp. 
Diatoms, Dinobryon and Peridinium were present in al- 
most all guts (Fig. ld), but they were less abundant in com- 
parison to prey items (Fig. 2). 
Copepodid V (C V, BL = 3.9-4.5 ram): Remains of the 
prey items were found in all of the 40 examined guts. Ro- 
tifers, cladocerans and copepods were the most frequent 
food items (Fig. le). Rotifers (C. unicornis) were present in 
50% of the guts. The maximum number of trophi per gut was 
five. Remains of the cladocerans prey were carapaces of 
Chydoridae and postabdominal c aws of Daphnia midden- 
dorffiana. Copepods were found in 90% of the guts and so 
the most important and frequently observed prey (Fig.le). 
Copepods, identified by their legs, were mainly B. brevicau- 
data and B. schwabei, and less frequently Mesocvclops. 
Most of the examined guts contained bright red oil droplets. 
No differences were found in relation to the algae items, 
with the only exception of the presence of large diatoms uch 
as Navicula pupula and Synedra ulna. However, it is worth- 
while to mention that the algae items were less frequent than 
in the other stages and that they were absent in 40% of the 
guts. Algae were never of great importance (Fig. 2) and 
species such as Peridinium had intact cell walls and mem- 
brane, showing that they were undigested. 
Adul t  (BL = 4.2-4.8 mm): The analysis of 40 guts 
showed that P. sarsi adult is mainly carnivorous. Remains of 
prey items were found in all guts (Fig. lf); cladoceran prey 
were Ceriodaphnia dubia (present in 50% of the guts), D. 
middendorffiana (38%) and chydorids (6%). Copepods were 
found in almost all the guts (90%), constituting the most fre- 
quent and important prey item. The identified Calanoida 
species was B. schwabei and the Cyclopoida species were 
Mesocyclops and Microcyclops. Remains of the rotifers were 
less frequent (20%). The identified trophi belong in all cases 
to C. unicornis. The maximum number of trophi per gut was 
seven. 
Algae were present in 50% of the examined guts (Fig. lf) 
but only in low abundance (Fig. 2). The phagotrophic algae 
Dinobryon and Peridinium, and diatoms were the most fre- 
quent species. 
Discussion 
The diet of P. sarsi during the different stages can be char- 
acterized as diverse, consisting of diatoms, dinoflagellates 
and microzooplankton from the life-stages copepodid I to II. 
However, from copepodid III to adult the composition of the 
diet changes with the inclusion of nauplii, cladocerans and 
copepods (Fig.la-f). Omnivorous behaviour appears in 
copepods living in highly dynamic environments with nu- 
merous phytoplankton cycles (FESSENDEN & COWLES 1994). 
It is well known that diatoms figure in copepod iets, but the 
role of dinofiagellates is more difficult to specify and seems 
to depend upon the copepod species (KLEPPEL 1993). These 
items changed their proportions and were important while 
there was not a significative inclusion of prey (Fig. 2). The 
ingestion of dinoflagellates, phagotrophic algae and diatoms 
may be an important source of protein, lipids and carbohy- 
drates. Although dinoflagellates can provide these nutrients 
better than diatoms (KLEPPEL 1993), their role is more diffi- 
cult to specify because they are not always digested. Certain 
protozoans are more nutritious than copepods and are actual- 
ly ingested (STOECKER & CAPUZZO 1990). Probably, thec- 
Limnologica 29 (1999) 2 189 
amoebas may be an important source of proteins to the lifes- 
satges C I and C II of/'. sarsi. 
In the present report, P. sarsi displayed a switch from mi- 
crophagy to macrophagy and ingested prey of larger sizes as 
it was moulting to major instars. From C III to adult the prey 
items were most important than the algae (Fig. 2). Cladocer- 
ans as D. middendorffiana were scraped and the soft parts in- 
gested while C. dubia and Chydoridae were totally con- 
sumed. Feeding experiments with adults of P. sarsi showed 
that the remains seldom appear when the smallest prey 
(Bosmina longirostris and C. dubia) were exposed (VEGA 
1995). These experiments showed interference of handling 
by tail, helmet and size of the prey. In the present study, sim- 
ilar results were found with the cladoceran remains. Never- 
theless, the copepod remains were furcs, legs and cephalo- 
torax, showing that they were craked in the capture. Differ- 
ences in the capture and ingestion between cladoceran and 
copepod prey may be related with the morphology and the 
swimming activity in each case. 
Copepods were the most important prey item in frequency 
and abundance in life-stages C V and in adults of P. sarsi 
(Fig. le-f). They are in the pond from the beginning to the 
end of the hydroperiod (Table 1). However, P. sarsi included 
copepod prey from C III, and this prey was more frequently 
eaten from C V. These results, probably, may be related with 
the changed instars and the increase of size. Cladocerans 
were also ingested in high frequency, but they were in the 
pond only in spring and summer (Table 1). The ability to eat 
high-sized prey is probably related to the size of the mouth- 
parts. 
Finally, the diversity in the P. sarsi diets provides alterna- 
tive pathways for obtaining a nutritionally complete ration. 
The ability to eat a variety of foods allows the copepods to 
modify their diet with varying conditions in the food envi- 
ronment. Also, it increases the probability that the copepod 
obtains a nutritionally complete ration. The effect of the di- 
versity in the diet would seem advantageous, specially in 
stressed environments imposed by episodes of drying. 
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